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SPECIFICATION 

L. TITLE OF THE Iir/SUTICJ 

tfethod of manufacture of metal sheet coated with, polyester resin film. 

2. CLAIM 

Method of manufacture of metal sheet coated with, polyester resin film, 
characterized in that when one or both sides of a metal sheet heated to 
the melting-point of biaxialiy oriented polyethylene tereohthalate resin 
(Tm> - (Tm+lC0*C) is/are laminated with PET-BO film, lamination is 
effected by a laminating roll of which the surface temperature has been 
controlled to 30-130'C, after which the sheet is coaled within 10 
seconds to below 100 'C, such that the sheet has an upper layer of PET-30 
resin and a lower layer of unoriented ?ET resin, and the thickness of 
the layer of PET-30 resin is 15-95% of that of the whole layer of PET 
resin. 

3, DETAILED EXPLANATION OF THE ISVESTTIOIT 
C Field of industrial use] 

This invention relates to a method of manufacture of metal sheet coated 
with a polyester resin film. - In more detail, it relates to a method of 
manufacture of a metal sheet coated with polyester resin film, whereby a 
metal sheet heated to at least the melting-point of biaxially oriented 
polyethylene tereohthalate resin is laminated with PET-30 film, and this 
metal sheet then has an upper layer of PET-30 resin and a lower layer of 
unoriented PET resin. 



C Prior art] 



Metal sheets Laminated with thermopiast io film have been widely used 
hitherto for electrical parts, furniture, casings, interior and exterior 
finishing material far use in construction, etc. The following, methods 
af laminating thermoplastic material on to metal sheet are generally 
■xnawu. One method is to smear the surface of the metal sheet with 
adhesive by means of a 'roller coater' , evaporate a volatile substance 
on it such as a solvent, and then carry out the Laminating, which is • 
followed immediately by cooling, ar else past-heat treatment can be 
applied, f o 1 lowed then by coaling. Another method is to laminate 
thermoplastic resin film which has the capability of thermal adhesion. 
This method involves the prior introduction of a polar group into the 
ther mop last ic resin. 

Examples are: a metal sheet coated with vinyl chloride resin, which is 
laminated to the sheet using a film of vinyl chloride resin as adhesive, 
a metal sheet laminated with polyoiefin film (laid-open Japanese Patent 
Application So. 3ha 53-141736 < = 141736/73> ) , a metal sheet laminated 
with copolymer polyester film (published Japanese Patent 3b. Sho 57- 
23354 <=23534/32>) , or a metal sheet laminated with polyester film, 
using an adhesive (laid-open Japanese Patent Application 3o. Sho 53- 
•39443 <=3944o/53> ) . 

C Problems which the invention aims to solve] 

However, vinyl chloride resin-coated steel sheet was not satisfactory i 
respect of liability to surface defects and heat-resistance, polyoiefin 
resin-coated steel sheet had inferior heat-resistance and corrosion- 
resistance, and copolymer polyester resin-caated steel sheet was too 
costly to be of much use in practice. Metal sheet laminated with 
polyester film via an adhesive involves the extra process for applying 
the adhesive, and an oven for evaporating the volatile substance 
(solvent, etc.), ail of which considerably reduces workability. 



Tius the metal sheets coated with thermoplastic resi n that have 
subject of inventions hitherto have all had both merits dad demerits, 
and none of thera has been fully satisfactory. 

t Keaas to solve the problems! 

The iaveatioa takes account of the excellence of PET-3Q film in several 
respects, such as corrosion-resistance, workability, electrical insul- 
ation properties, heat-resistance, resistance to chemicals, etc. Its- 
aim is to provide a metal sheet coated with polyester resin film where- 
by FET-30 film is laminated on to a metal sheet without the use of an 
adhesive, and it has the following distinctive features and effects. 

Tie method of the invention is characterized, that is to say, in that 
PET-30 filings laminated, continuously and at high speed, to one side or 
both sides of a metal sheet which has been heated to or above the 
melting-point of the PET-3C film, and this is followed by rapid cooling. 
In the polyester resin film-coated metal sheet obtained by the method of 
the invention, the biaxially oriented crystals lose their ariantation 
only in tie vicinity of tie interface of tie resin with the metai sheet, 
resulting in a tiin layer of unoriented, amorpious resin in this part, 
while the crystals of tie surface layer remain biaxially oriented, so 
that a two-layer structure Is obtained, giving excellent adiesion, 
corrosion-resistance and resistance to ciemicals in working. 

Generally speaking, because it has oriented crystals, and acts as a 
barrier against tie passage of moisture and various ions, PET-30 has 
been widely used in tie field of packaging materials. It has been much 
used also, because of mecianical characteristics and its resistance to 
corrrosion and its electrical insulation orocerties, in the magnetic 

Li' w 

tape and electrical insulation fields. However, this high level of 
crystalline orientation also meant that It could not adhere to the 
material (on to whici it was to be coated) witiout tie use of an 
adhesive agent. Cn the other hand, the unoriented, amorphous ?ET 
resin obtained by heating PET- BO to or above Its melting-point and then 
rapidly cooling It has suci excellent adhesive force that, as indicated 



in published Japanese Patent ifa. oho 49-34130 , <=34130/74> ( it can 
actually be used to bind metal sheets together. out this unoriented, 
amorphous PET resin has the disadvantage that its barrier properties 
against the passage of moisture and various ions are markedly lower, and 
its mechanical strength also is much reduced. Thus the properties of 
PET resin differ considerably according to whether or not its crystals 
are oriented. 

The reasons why the polyester resin film-coated metal sheet obtained by 
the method of the invention has such excellent adhesion and corrosion- 
resistance in working are believed to be that a thin layer is farmed of 
unoriented, amorphous PET resin, which as stated above provides very 
goad adhesion to the surface in contact with the metal sheet; that 
above this there is a. layer of PST-30, which has barrier properties 
against moisture and various ions and also possesses excellent 
mechanical characteristics; and that there is a goad balance between 
the two. 

The polyester resin film-coated metal sheet of the invention has 
numerous excellent characteristics, such as good adhesion and corrosion- 
resistance in working, heat-resistance, electrical insulation, etc. , and 
it can be applied not only as a material for tins (tin lids, drawn tins, 
twice-drawn tins, etc.), but also (utilizing the insulating and heat- 
resistant orooerties of PET resin) for the components of electrical 
products. 

The invention will now be explained in greater detail. First, the PET- 
BO film rs a polycondensate of polyethylene glycol and terephthaiic 
acid. The film is farmed after extrusion working by a known method 
after which it -is oriented in the lengthwise and transverse directions, 
and it then undergoes a thermal fixing process. There is no particular 

restriction on the thickness of the film, but 5-300jim is preferable. 

If it is less than 5/ira thick, laminating workability is impaired, and it 
also becomes extremely difficult to achieve the right balance, after 

lamination, between the unorieated, amorphous ?ET resin layer and the 

biaxially oriented PET layer. If the thickness of the film exceeds 
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rjOOjim, on the other hand, characteristics such as corrosion-resistance 
ici wording and electrical insulation properties are preserved, but it is 
no longer so economic. Various additives such as heat and light 
stabilizers, anti-oxidants, pigments, antistatic agents, ecc. say be 
added as required to films obtained in this way, or they cay be 
activated by, for example, corona discharge treatment, with a view to 
improving their adhesion. 

Text, examoles of the metal sheet used La the" invention are: steel 
sheet, In sheet or coil form, steel foil, iron foil, aluminium sheet or 
foil, or surface-tredted metal sheet. The following are particuiariv 
suitable, because of their goad adhesion to the PST-30 film: eiectra- 
lytically chromate-treated steel sheet with a two-layer structure 
consisting of an upper layer of metal chrome and a lower layer of 
hydrate chrome oxide; steel sheet with very thin tin plating; steel 
sheet with a" very thin coating ax iron-tin alloy; steel sheet with a 
very thin plating of chrome; nickel-plated steel sheet; copper-plated 
steel sheet; zinc-plated steel sheet; steel sheet coated with hydrate 
chrome oxide; steel sheet treated with an organic substance, having a 
polar group such as a carboxyllc group or a chelate structure; 
aluminium sheet .treated with phosphate, chromate or an organic 
substance. Also suitable are two-layer and three-layer coated steel 
sheet, and alloy-plated and composite-plated steel sheet. Particular 
examples are steel sheet which has been chromate-treated, phosphate- 
treated, chrome/chromate-treated, or steel sheet plated with the metals 
mentioned and treated with an organic substance; .steel sheet plated 
with twa or three layers of the metals mentioned, or with an alloy such 
as aic>ei-tin; steel sheet with composite zinc plating including a 
small amount of at least one of nickel, cobalt, iron, chrome and 
molybdenum in metal farm or in a chemical compound. 

Text, the temperature of the metal sheet Immediately before the PET-ZG 
film is laminated, which is one of the important elements in the 
invention, must be in the range from the melting-point of the PS7-30 



fila <Tm) to fTa^iOOX. 'Jote: the tern ' mei t lag-paint ' <Tm) used 
here is found from the heat-absorption peak oa a differential scanning 
calorimeter <D3C) for a heating rate of 10'C/min, the paint indicating 
the aaxiaum depth of the peak being taken as Ta. tf the temperature of 
the aetai sheet is Lower than la, the PET-30 fila wilL noe become 
sufficiently unoriented and amorphous at the interface where, on lamin- 
ation, it comes into contact with the aetai sheet, with the result that 
sufficient adhesive force will not be obtained. If on the other hand 
the metal sheet is heated to above (Ta+lOG) the greater part of the . 
Laminated FET-3Q fila will bee g me unoriented and amorphous, with con- 
sequent deterioration in such characteristics as corrosion-resistance in 
working, electrical insulation properties, etc. Also, the shape of the 
aetai sheet, i.e. its evenness, will be impaired if it Is heated to over 
uai-LGO) "C. 

Another important element in the invention is the surface teaperature of 
the laminating roll when the the PET-3Q film is laminated to the aetai 
sheet. The formation of the two-layer structure of the PET- 30 film in 
the invention is determined primarily during the short time in which the 
PET-30 film is in contact with the nip of the laminating rail. -Tie a 
the FET-30 film has been laminated to the metal sheet, which has been 
heated to a high temperature, a temperature gradient occurs in the FET- 
50 film, with a high temperature on the metal sheet side and a low 
teaperature on the laminating roll side. During its passage through 
the laminating roll, this temperature gradient continues to be produced 
in the FET-30 film, and the teaperature of the metal sheet falls, by 
reason of heat-absorption from the Laminating roll and because of the 
fusion at the oriented crystals of the FET film. In the Instant that 
the laminated metal sheet emerges from the nip of the laminating roll, 
the temperature gradient in the PET-30 film ceases to exist, and the 
temperature of the film matches that of the metal sheet. During the 
passage through the laminating roll , therefore, the temperature of the 
aetai sheet must be lowered to below the temperature at which the 
biaxial orientation of the PET-30 film begins to break down <To>. 
particularly important factor in creating this condition is the surface 
temperature of the Laminating rail. Specifically, the surface temper- 



ature of the laminating roil must be controlled to 30-L30*C ( and 
preferably to 50-150*C. If the surface temperature of the Laminating 
roLl rises above 160*C, the biaxial orientation of the crystals win 
break down, .when the PET-30 film is laminated to the metal sheet, over 
the whole of the entire layer of film (though the extent to which this 
occurs will depend on the thickness of the film), with consequent 
impairment of corrosion-resistance in working and electrical insulation 
properties. On the other hand, any attempt to lower the surface 
temperature of the laminating roll to below 30'C would involve installr 
ing aa external cooler especially for the laminating roll, which is not 
desirable because of the extra plant required. This control of the 
surface temperature of the laminating roll becomes even acre important 
when the laminating speed is raised. Chrome-plated or ceramic or 
rubber rollers may be used for the. laminating roll, but for laminating 
at high speed and to produce a pleasing appearance, rubber rolls are 
best. There is no particular restriction on the material to be used 
for the rubber roll, but a silicone roll is preferable. 

The cooling conditions after the PET-30 film has been laminated to the 
metal sheet are also important in the invention. The metal sheet, with 
its coating of polyester resin film, must be cooled to below iOO'C 
within 10 seconds after lamination. If* it is kept at above 100'C for 
any length of time, the layer of unoriented, amorphous ?ET that was 
produced at the interface with the metal sheet at the lamination stage 
will become coarsely spherulitic, leading to. reduced adhesion and 
corrosion-resistance in working. There is no particular restriction an 
the method of rapid cooling, but water-spraying is" preferable. 

As for heating the metal sheet, methods that may be cited include hot 
air heat transfer, resistance heating, induction heating, heat transfer 
by heating roll, etc., and there is no particular restriction, but when 
plant cost, the need to keep the plant as simple as possible, and the 
desirability of achieving a rise in temperature in a very short time are 
taken into consideration, the heating roll method is preferable. 



Another important factor is the amount of unoriented, amorphous PET 
resin produced when the PET-30 film is laminated to the metal sheet. 
The thickness of the PET-30 resia must be 15-55£ of the whole layer of 
PET resin. Ef it is more than 95£, adhesion in working is Impaired, 
with peeling liable to occur during deep drawing, in particular. If .on 
the other hand it is less than 15Z, there is a very marked deterioration 
in workability, corrosion-resistance and electrical insulation 
properties. Thus the amount of biaxialiy oriented crystals remaining 
is important, and this amount may be found by birefringence, the density 
method, 'or X-ray diffraction, etc. 5y X-ray diffraction (for example; 
It is found as follows. 

(1) The X-ray diffraction intensities of the PET-BO film before 

lamination and of the PET film after lamination are measured over the 

» 

range 29 = 20-30* . 

(2) The X-ray diffraction intensity curves at 29 = 20* and 29 = 30* are 
joined with a straight line, which is taken as the base line. 

(3) The heights of the sharp peaks appearing in the vicinity of 29 = 26' 
are measured, from the base line. 

(4) If the height of the peak of the pre-iaminat ion film is taken as la, 
and that of the post -lamination film as lb, the amount of biaxialiy 
oriented crystals remaining is la/lb x 100. 

C Embodiments] 

The invention is explained in detail below with reference to 
embodiments. 

Embodiment 1 

A cold-rolled steel sheet of thickness 0.23mm was eiectrolyt ically 
degreased in a 70g/l solution of sodium hydroxide, acid-cleaned in a 
iOOg/i solution of sulphuric acid, and washed in water. It was then 



*lven cathode electrolytic treatmeut Ln a soLutLon oi\30g/l of anhydrous 
chromic acid and l.Sgj/l of sodium fluoride, with currant density of 
ZQk/dzr 2 and the • temperature of the electrolyte at 30*C. tt was then 
washed in warm water (30 'O, and dried. 

The 300ram-wide strip of eiectrolytically chroraate-treated steel sheet, 
treated in this way, was laminated with PET-BO film of thickness 16,um 
(trade name: Lumiiia, Taray Co.), continuously and on both sides, under 
the following conditions. 

Set had of heating strip steel sheet Heating roll 

Temperature of steel sheet immediately before lamination 290 *C 

Laminating roil Silicone roll 

Surface temperature of laminating roil,. tex. 90'C 

Time taken for laminated steel sheet to coal to below L00*C..2 sec. 

The amount of biaxialiy oriented crystals in the polyester resin film- 
coated steel sheet obtained in this way was calculated by X-ray 
diffraction under the following conditions. 

Diffraction conditions Target: Cu 

Lamp voltage 40KV 
Lamp current 20mA 

Set had of calculating biaxial orientation 

(1) The X-ray diffraction intensities of the film before lamination and 
of the "coated sheet after lamination were measured over the range 29 = 
20-30* in each case. 

(2) The X-ray diffraction intensity curves at 28 = 20* and 28 = 30* war 
joined with a straight line, which was taken as the base line. 

(3) The heights of the sharp peaks appearing in the vicinity or 28 - 26 
was measured, from the base line. 



(4) Vith the height of the peak of the pre-larainatian film being taken 
as la, and that of the post-lamination film as lb, the a mo u ut or 
biaxially oriented .crystals remaining was taken as la/lb * 100. 

Embodiment 2' 

A cold-rolled steel sheet similar to that of Embodiment I was ore- 
treated In tire same way as in Embodiment 1, It was then plated with 
tin (C.og/m 3 ), using an electrolytic solution consisting of 25g/l of tin 
sulphate, I5g/1 of phenol sulphonic acid (607, aqueous solution), and 
2g/i of ethoxy-oc-naphthol sulphonic acid, with current density of 
20A/drr 2 and electrolyte temperature of 40'C, and washed in water and 
dried. This 300mm-wide strip of tin-plated steel sheet, treated in 
this -ay, was laminated with ?E?-EQ film, of thickness 33um (trade name: 
Lumilla, Toray Co.), continuously and on both sides, under the fallowing 
conditions. 

Method of heating- strip steel sheet Heating roll 

Temperature of steel sheet immediately before lamination 230*C 

Laminating roll Silicone roll 

Surface temperature of laminating roll 150*C 

Time taken far laminated steel sheet to cool to below 100*C..3 sec. 

The amount of biaxially oriented crystals in the polyester resin film- 
coated steel sheet obtained in this way was found by X-ray diffraction, 
following the same procedure as in Embodiment 1. 

Embodiment 3 

A cold-roiled steel sheet similar to that of Embodiment 1 was pre- 
treated in the same way as in Embodiment 1. It was then plated with 
nickel (0. Gg/nr 25 , using a Vatts bath consisting of 40g/l of nickel 
chloride (G-hydrate), 250g/l of nickel sulphate (6-hydrate) and 40g/l of 
boric acid, with current density of 10A/dm 2 and bath temperature of 
45*C. After washing in water, it was caromate- treated in a 3Cg/l 
solution of sodium dichroiaate, with current density of 10A/dm 2 and 



electrolyte temperature of 45 # C. This 300nua-wide strip of nickei- 
plated steel sheet, treated In. this way, was Laminated with PET-50 film 
of thickness 188jira (trade name: Lumilla, Toray Co. ) , continuously and 
on both sides, under the following conditions. 

Method of heating strip steel sheet Heating roll 

Temperature of steel sheet immediately before Lamination 350'C 

Laminating roll Silicone roll 

Surface temperature of laminating roll 120'C ' 

Time taken for laminated steel sheet to cool to' below LOO'C.3 sec. 

The amount of biaxially oriented crystals in the polyester resin film- 
coated steel sheet obtained in this way was found by X-ray diffraction, 
following the same procedure as in Embodiment 1. 

Embodiment 4 



An aluminium sheet of thickness 0.30mm was given cathode electrolytic 
degreasing treatment in a 30g/l solution of sodium carbonate. After 
washing in water, it was immersed in'a bath (temperature 25*C) con- 
sisting of 60g/l of phosphoric acid, 10g/l of chromic acid and 5g/l of 
sodium fluoride, washed in water, and dried. This 300mm-wide strip of 
aluminium- sheet was laminated with PET-BO film of thickness 75jim (trade 
name: Dtafoil, Diafoil Co.) continuously and on both sides, under the 
following conditions. 

Method of heating strip aluminium sheet Keating roll 

Temperature of alum, sheet immediately before lamination 300 *C 

Laminating roll Silicone roil 

Surface temperature of laminating roll 40 'C 

Time taken for laminated alum, sheet to cool to below lOO'C.l sec. 

The amount of biaxially oriented crystals in the polyester resin film- 
coated aluminium sheet obtained in this way was found by X-ray 
diffraction, following the same procedure as in Embodiment 1. 



Embodiment 5 \ 



An aluminium sheet of thickness 0.30mm was given cathode electrolytic 
degreasing treatment Ln a 30g/l solution of sodium carbonate. After 
washing in water, it was given chromate treatment, using a 30g/l 
solution of sodium dichromate, washed in water, and dried. This 300mm- 
wide strip of aluminium sheet was laminated with PET-SO film of thick- 
ness 25/im (trade name: Dlafoil, Diafoil Co. ) continuous!/ and on both 
sides, under the following conditions. 

Method of heating strip aluminium sheet Heating roll 

Temperature of alum, sheet immediately before lamination 27C*C 

Laminating roll Silicone roll 

Surface temperature of laminating roil 120*C 

Time taken far laminated alum, sheet to- coal to below 100'C. .5 sec. 

The amount of biaxially oriented crystals in the polyester resin film- 
coated aluminium sheet obtained in this way was foUnd by X-ray 
diffraction, following the same procedure as in Embodiment 1. 

Comparative Example 1 

.Lamination was carried out using the same steel sheet and PET-BO film as 
in Embodiment 1, and under the same conditions except for the surface 
temperature of the laminating roll. 

Surface temperature of laminating roll Max. 210*C 

The amount of biaxially oriented crystals in the polyester resin film- 
coated steel sheet obtained in this way was found by X-ray diffraction, 
following the same procedure as in Embodiment 1. 
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Comparative Exampie 2 



Lamination was carried out using the same steel sheet a ad PST-30 f 1 Lza as 
in Embodiment 1, and under the same conditions except for the cooling 
condition after Lamination. 

Time taken for Laminated steei sheet to cooL to beLow 100*.. 25 sec. 

The amount of biaxiaiLy oriented crystaLs in the poLyester resin fiLm- 
coated steel sheet obtained in this way was found by X-ray diffraction, 
foiiawing the same procedure as in Embodiment 1. 

Comparative Exampie 3 

Lamination was carried out using the same aLuminium sheet and PET-30 
film as in Embodiment 4, and under the same conditions except for the 
laminating temperature. 

Temperature of aium. sheet immediateiy before Lamination 255 'C 

The amount of biaxiaily oriented crystais in the polyester resia film- 
) / coated aLuminium sheet obtained in this way was found by X-ray 
diffraction, foilowing tlie same procedure as in Embodiment L. 

Comparative Sxampie 4 

Lamination was carried out using the same aLuminium sheet and PET-3Q 
fiim as In Embodiment 5, and under the same conditions except for the 
Laminating temperature. 

Temperature of aium. sheet immediateiy before Lamination 405*C 

The amount of biaxiaLLy oriented crystais in the paLyester resin fiim- 
coated aluminium sheet obtained in this way was found by X-ray 
diffraction, fcLLowing the same procedure as in Embodiment L. 



The polyester resin film-coated aetal sheets were evaluated by the test 
method indicated below. The test resuLts are given in Table 1. 

(1) Xeasurement of amount of plating/coatLng of metal sheet 
This was measured by X-ray fluorimetry. 

(2) Adhesion of aetal sheet and polyester resin film 

The polyester resin film-coated aetal sheet was die-cut to a disc, which 
was then deep-drawn (drawing ratio 2.0) to form a cylindrical cup. . 
This was then placed in bailing water (100*0 for one hour, after which 
the extent of peeling of the polyester resin film from the body was 
assessed in terms of five levels, from * no peeling' = 5 points to 
peeling over whale surface = 1 point. 

(3) Corrosion-resistance in working 

50 ail of citric acid, adjusted to pH 2.2, was placed in the cylindrical 
cup referred to in (1) above, which was then left far 30 days at 55'C, 
after which the amount of iron or aluminium eluted was measured. In 
>/ each case a cup containing ZZ IfaCl was also left for 30 days at 55 # C, 
after which the corrosion state was examined with the naked eye. 

[Effect of the invention] 

fetal sheet laminated on one side or both sides with FET-30 film has 
outstanding corrosion-resistance and adhesion in working. It can 
therefore be applied to a wide range of uses, including material for 
containers, construction material, and material for electrical parts. 
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